Retrievability is an important and interesting indicator that can be used in a number of ways to analyse Information Retrieval systems and document collections. Rather than focusing totally on relevance, retrievability examines what is retrieved, how often it is retrieved, and whether a user is likely to retrieve it or not. This is important because a document needs to be retrieved, before it can be judged for relevance. In this tutorial, we shall explain the concept of retrievability along with a number of retrievability measures, how it can be estimated and how it can be used for analysis. Since retrieval precedes relevance, we shall also provide an overview of how retrievability relates to effectivenessdescribing some of the insights that researchers have discovered thus far. We shall also show how retrievability relates to efficiency, and how the theory of retrievability can be used to improve both effectiveness and efficiency. Then we shall provide an overview of the different applications of retrievability such as Search Engine Bias, Corpus Profiling, etc., before wrapping up with challenges and opportunities. The final session will look at example problems and ways to analyse and apply retrievability to other problems and domains. Participants are invited to bring their own problems to be discussed after the tutorial. This half-day tutorial is ideal for: (i) researchers curious about retrievability and wanting to see how it can impact their research, (ii) researchers who would like to expand their set of analysis techniques, and/or (iii) researchers who would like to use retrievability to perform their own analysis.
INTRODUCTION
This half day tutorial will be broken into five main parts: (i) Definition, Theory and Measures of Retrievability (ii) The Estimation of Document Retrievability, (iii) The Relationship between Retrievability and Effectiveness, (iv) Applications of Retrievability and (v) Applying Retrievability to your own research. Finally, we will conclude with a summary of the challenges and directions of future research.
Definitions and Measures
In this part of the tutorial, we will introduce the different "abilities" in IR, which affect how findable a document is, either from a user's perspective or a system's perspective. And importantly how they related and are dependent upon each other. For example,a document needs to be indexed before it can be retrieved, and to be indexed a document needs to be crawled, etc. Once this context is set, we shall explicitly define retrievability explaining how it can be derived from first principles and how it can be derived through an analogy with Transportation Planning. This session is then concluded with an introduction to the different measurements that can be obtained. The following topics will be covered:
The -abilities of Information Retrieval
• Findability [30] • Navigability [44, 19, 21] • Accessibility [27, 9] • Searchability [36] • Crawlability [29] • Discoverability [20] • Usability [33] • Retrievability [11] 2. What is retrievability? How easily can a document be found? What is the probability of finding a document? [11] 3. How Information Retrieval relates Transportation Planning [9] • Transportation planning, Land Use and Accessibility Measures [26, 25] • Information Spaces vs. Physical Spaces • Gini Co-efficient [23] • Other inequality measure (Hoover, Theil, Palma, etc)
Estimating Retrievability
The second part of the tutorial will focus on how to estimate the retrievability of a particular document (i.e. a pagecentric approach) and how the retrievability of all the documents can be estimated (i.e. a collection-centric approach). The pragmatic problems of obtaining such estimates shall be discussed along with how to generate/simulate the queries required to formulate a reasonable estimate (thus we shall provide an overview of various ways to simulate queries). The type of estimate depends on how the measure will be used -so we shall describe how depending on the type of analysis to be performed which estimation techniques will be more appropriate. Also, we shall describe retrievability can be efficiently estimated depending on how it will be used. A summary of the topics we shall cover here are: • Single Term
• Bigram / Biterm
• n-grams
• Title based
• Query Logs 5. Efficient estimations and approximation of retrievability and bias [41, 28] 6. Relationship between Cumulative and Gravity based measures 7. Relationship between inequality measures [43] 8. Analysis of documents and collections using Retrievability and how document collections can be analysed using retrievability? [10, 13, 15, 32] 
Relationships with Retrievability
Part three will focus in on the relationship between retrievability and various retrieval effectiveness measures. Here we will describe and discuss the various efforts that have tried to understand the relationship between retrievability and effectiveness [17, 16, 40, 4, 39, 42] . Firstly, from a theoretical point of view, we will discuss the different possible relationships and how retrievability can impact upon both effectiveness and efficiency. Then we will consider the relationship with effectiveness between different retrieval models (i.e. how well do the retrievability scores of various systems correlate to system effectiveness or system rankings) and within a retrieval model (i.e. how well does the retrievability of a particular retrieval model, given its different parameter settings, correlate to system effectiveness). Specifically, we shall show how retrievability can be used to rank systems and tune retrieval models.
1. The conceptual / hypothesised relationship between retrievability and performance [4] 2. Retrievability and Efficiency
The empirical relationship between retrievability [4, 39] and:
• Mean Average Precision,
• Precision and MRR,
• Recall,
• NDCG, etc.
4. The empirical relationship between retrievability and new user oriented gain based measures [38] 5. Retrievability and Retrieval Models when ranking systems [18] 
Applications of Retrievability
Part four will describe the research conducted by a growing number of research groups who have applied retrievability, or the theory of, to gain improvements in effectiveness and/or efficiency, or to gain other insights. Some of the research directions covered will include:
1. Search Engine Bias: how systems influence user populations [7, 37, 31] .
2. Improving Recall: the highs and lows of affect retrievable patents [12, 17] .
3. The Reverted Index: how retrievability turns retrieval on its head to produce improvements in both effectiveness and efficiency [34] .
4. Psuedo Relevance Bias: how Pseudo Relevance is biased, and addressing that bias leads to performance improvements [16] .
5. Findability: games that make you find while measuring how easily documents can be found [8, 35] . As part of this session, participants will be invited to play test out the games developed to measure how easily people can find pages given a search engine.
To wrap up, we will then outline the future directions and research challenges associated with retrievability. There are numerous research opportunities in how to use and apply retrievability research, as well as more basic research in terms of the estimation, relationships, theory and applications of retrievability. The final part of the tutorial will be dedicated to questions and answers about retrievability, and going through in groups, how to apply retrievability in the domains that are of interest to the participants. In fact, participants will be invited to bring along and share their research problems and during the course of this session focus on designing a retrievability analysis along with the necessary experiments to undertake such an analysis.
INTENDED LEARNING OUTCOMES
By the end of the tutorial, students should be able to:
• Define and describe retrievability and retrievability bias
• Explain the relationship between retrievability, accessibility, findability, navigability, and other -abilities.
• Estimate the retrievability of documents within a collection
• Design a retrievability experiment to detect/monitor retrieval bias
• Describe the relationships between retrievability, effectiveness and efficiency
• Evaluate an application using retrievability measures
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